ABSTRACT The apple maggot, Rhagoletis pomonella (Walsh) (Diptera: Tephritidae), is an important pest of apples (Malus spp.) and model system for sympatric speciation via host shifting for phytophagous insects. The distribution of R. pomonella is well-characterized in the United States and Canada, but it is poorly characterized in Mexico, where it may represent a different, allopatrically isolated taxon. Here, we report results of a nationwide survey aimed at determining the distribution and host range of hawthorn-infesting Rhagoletis in Mexico. Eight of the 13 endemic species of hawthorn (Crataegus spp.) were collected in temperate high-altitude habitats (1,600 Ð2,800 m) across 21 Mexican states. Five of the eight hawthorns were conÞrmed to be hosts for Mexican R. pomonella. Fly populations were found throughout most of the natural distribution of hawthorn in Mexico. Mean pupal mass for ßy populations clustered into two large weight groups associated with hawthorn species exhibiting different fruiting phenologies. Pupae infesting early fruiting hawthorns along the Sierra Madre Oriental were lighter than pupae infesting late-fruiting hawthorns across the Eje Volcánico Trans Mexicano. The differences in pupal weight may reßect host-related environmental effects or be genetically based, the latter implying the possible existence of two phenologically differentiated and geographically distinguishable ßy taxa in Mexico. We discuss the signiÞcance of our Þndings for the phylogeography and adaptive radiation of the R. pomonella sibling species group, to which the hawthorn race belongs.
tera: Tephritidae), is perhaps the best studied temperate tephritid species in the world (Foote 1981) . The ßy owes this distinction to its being both an economically important pest of apples (Malus spp.) and a seminal example of incipient sympatric speciation in action (Walsh 1876 , Bush 1968 , Berlocher and Feder 2002 .
Host plant phenology plays an important role in sympatric speciation for R. pomonella (Berlocher 2000) . Hawthorn (Crataegus spp.) is considered the ancestral host for R. pomonella. However, in the mid-1800s, the ßy shifted to and formed a new "host race" on introduced, domesticated apple, Malus pumila P. Miller (Walsh 1867, Dean and Chapman 1973) ; host races are hypothesized to represent the initial stage of sympatric speciation and are deÞned as partially reproductively isolated, conspeciÞc populations that owe their isolation to host plant-associated adaptation (Diehl and Bush 1984) . The hawthorn and apple host races of R. pomonella are capable of producing viable offspring in the laboratory (Smith 1988) . But the univoltine ßy races maintain their genetic integrity in nature due, in part, to allochronic premating isolation related to variation in the timing of adult eclosion (Feder et al. 1994) . Flies that infest the earlier fruiting apple eclose before those attacking hawthorn, resulting in partial mating asynchrony (Feder and Filchak 1999) . In addition, the life history difference between the host races also generates postmating isolation associated with the proper timing and depth of the pupal diapause preceding winter (Filchak et al. 2000) . The same considerations also apply to the at least Þve sibling species constituting the R. pomonella group, to which the apple and hawthorn host races belong. Each member of the pomonella group infests a unique set of host plants that fruit at different times in the Þeld season (Berlocher 1999) . Similar to the host races, the sibling species vary in their diapause characteristics, with the differences matching variation in host fruiting time and generating premating isolation.
The distribution of R. pomonella is well characterized in the United States and Canada. Hawthorn-infesting forms have been reported from the eastern provinces of Canada, as far south as Florida and Texas. The ßy is also known from Utah and Colorado (McPheron et al. 1988 , Foote et al. 1993 ), although it is not clear whether these populations are native or represent recent introductions. The range of the apple race of R. pomonella is contained within that of the hawthorn race, and is primarily restricted to the north-eastern and midwestern United States and eastern Canada (Bush 1966) . However, apple ßies seem to have also recently spread into Washington, Oregon, and northern California.
The southern range of R. pomonella is less certain, however. Bush (1966) reported collecting hawthorninfesting R. pomonella-like ßies from several localities in Mexico (the most likely host was the native Crataegus mexicana Moc. & Sessé ). The distribution of Mexican R. pomonella was initially considered to encompass the states of Michoacan (Mil Cumbres), Hidalgo (Zacualtipan), and Veracruz, and the region surrounding Mexico City (Distrito Federal) (Bush 1966) . Subsequently, Berlocher and Enquist (1993) reported the presence of tephritid pupae in the fruit of Crataegus greggiana Eggl. in Nuevo Leon. Hernandez-Ortṍz (1999) added Durango, the state of Mexico, Puebla, and Tamaulipas to its known distribution. Interception of infested fruit at the U.S. border suggests that the southern limit of the ßyÕs range may potentially extend into Costa Rica (Foote 1981) .
The host range of Mexican pomonella also is unresolved. At least 13 species of hawthorn are native to Mexico (Phipps 1997) . However, at the current time, the known host distribution of Mexican ßies is restricted to C. mexicana and C. greggiana (Bush 1966, Berlocher and Enquist 1993) .
Morphological and genetic evidence suggest that Mexican R. pomonella populations have diverged in allopatry from those in the eastern United States and Canada. Mexican specimens from the Altiplano Central on the Eje Volcánico Trans Mexicano share substantial morphological similarities with U.S. and Canadian ßies, but they can be distinguished by 1) their larger size and 2) a light spot near the base of the apical wing band (Foote et al. 1993 ). Based on mitochondrial DNA sequence data, Smith and Bush (1997) and Feder et al. (2003) estimated that Mexican R. pomonella shared a common ancestor with its sister group (i.e., U.S. and Canadian populations) perhaps as long as 1.5 million years ago. Sequence divergence between Mexican and U.S. ßies (Ͼ3%) was much greater than that between the apple and hawthorn host races and the rest of the R. pomonella group, which show little differentiation (Feder et al. 2003) . The implication of the genetic and morphological studies is that Mexican R. pomonella could be a distinct, undescribed species.
Genetic data also imply, however, that the phylogeography of R. pomonella in the United States and Mexico is more complex and reticulate than the standard model of allopatric divergence. Berlocher (2000) conducted a comprehensive allozyme analysis of all known taxa in the pomonella group (with the notable exception of Mexican R. pomonella). Based on the existence of latitudinal clines for multiple loci among hawthorn ßy populations, he hypothesized that the current R. pomonella population in the United States and Canada is the result of a genetic fusion of two previously isolated, genetically differentiated populations. Recent molecular data have supported the fusion hypothesis and pointed to Mexico as a likely source for secondary introgression (Feder et al. 2003) . DNA sequence data for three anonymous cDNA loci indicated that certain alleles currently segregating in apple and hawthorn ßy populations in the United States are genealogically more closely related to haplotypes found in Mexican populations than they are to the alternative allele class present in the same host race population (Feder et al. 2003) . These data suggest that U.S. and Mexican ßies became isolated 1.5 million years ago, promoting genetic divergence in allopatry. Then, secondary contact and gene ßow from Mexico into the United States delivered genetic variation for key diapause traits. This life history variation formed latitudinal inversion clines in the ancestral hawthorn population in the United States, facilitating the adaptive radiation of the R. pomonella group and the formation of the apple race via shifts to novel hosts with differing fruiting phenologiesÑthe proximate ecological basis for reproductive isolation and sympatric speciation.
Here, we conduct an extensive survey of Mexico for hawthorn-infesting populations of Rhagoletis (hereafter referred to as Mexican pomonella). These data are crucial to resolving the biogeography of Mexican pomonella and clarifying the role that divergent Mexican populations played in the speciation processes for U.S. Rhagoletis. Our primary aims were to determine the exact range of Mexican pomonella and to identify all species of Crataegus serving as its hosts in Mexico. We also analyzed pupal mass to test for possible host-related or geographic variation in ßy body size among Mexican populations and measured adult longevity under laboratory conditions to determine whether variation in host fruiting phenology could produce signiÞcant allochronic mating isolation in nature.
Materials and Methods
Hawthorn fruit were collected between June and January from 2001 through 2004 across 21 states in Mexico (Table 1 ; Fig. 1 ). Coordinates and elevation of collection sites were established using a global positioning system (GPS 40, Garmin, Lenexa, KS). Average temperature and precipitation data for sites were determined from the Atlas Nacional del Medio Fisico (INEGI 1988) . Fruit infested with larvae were transported back to laboratory at the Instituto de Ecologṍa, A.C. in Xalapa, Veracruz, and pupae were obtained from fruit following the methods of Aluja et al. (2000) . Pupae were recovered every week and placed in small (200-ml) plastic containers with moist vermiculite and kept in a room at ambient environmental conditions until emergence. The number of newly eclosing ßies was recorded for all sites daily throughout the emergence period (ranging from 5 to 7 mo).
To investigate host range, samples of hawthorn branches and fruit were taken at all collection sites and pressed and stove-dried for 2 d. IdentiÞcation of hawthorn specimens was performed at the XAL (Xalapa) herbarium at the Instituto de Ecologṍa, A.C. by using the taxonomic keys of Phipps (1997) . Unpublished data of fruit maturity (fruit color, size, and softness) and percentage of fruit drop, coupled with information from locals, allowed us to determine the fruiting phenologies of hawthorn species at different sites.
To test for host-related or geographic variation in ßy body size, a subsample of 30 pupae was weighed from eight representative sites and three hosts. Data on pupal weight were subjected to a joining (tree) cluster analysis based on Euclidean distances by using Statistica software (StatSoft, Tulsa, OK). In addition, 1,000 fruit of C. mexicana collected at Coajomulco, Morelos, in November 2002 and 58 fruit collected from Crataegus rosei Eggl. subsp. rosei at Ixmiquilpan, Hidalgo, in September 2003 also were weighed individually and held in individual plastic cups covered with screen mesh. Pupae emerging from individual fruit were then weighed to test for a relationship between fruit and ßy mass.
To determine adult longevity, 17 ßies from Chiapas and 26 from Casa Blanca, Veracruz, were placed in 30-by 30-by 30-cm Plexiglas cages held at 27ЊC, 70% RH, and a photoperiod of 10:14 [L:D] h and allowed free access to water and food (sugar and protein). Flies were observed daily, and mortality was recorded from emergence until death of the last adult in cages to estimate mean life span.
Results
Crataegus spp. Distribution and Fruiting Phenology in Mexico. C. mexicana is the most wide-ranging species of hawthorn in Mexico. It was the sole species of hawthorn we encountered in xeric areas of the Altiplano Central (Mexican central high plateau) at elevations Ն2,000 m in the states of Distrito Federal, Hidalgo, Mexico, Morelos, Puebla, and Tlaxcala. C. mexicana was also the only hawthorn species encountered in the states of Oaxaca and Guerrero. However, C. mexicana was found growing together with Crataegus rosei Eggl. subsp. parrayana and Crataegus gracilor J.B. Phipps between 1,900 and 2,400 m in moister regions of the eastern-facing side of the Sierra Madre Oriental in the states of Hidalgo and Veracruz. In the western states of Jalisco, Mexico, Michoacan, and Guanajuato, both C. mexicana and C. rosei rosei (a red-fruited subspecies of C. rosei) were present in moist temperate Quercus and pine forests. Based on conclusions drawn by Phipps (1997) , C. mexicana found in Chihuahua and Sinaloa, where C. rosei rosei is native, represent introductions. Also, C. mexicana growing in the highlands of Chiapas was introduced to the region during Spanish colonial times (Standley and Steyermark 1946) .
In addition to its wide distribution, C. mexicana also displayed extensive variation in fruiting time. Most C. mexicana at sites above 2,000 m or receiving Ͻ1,000 mm of annual precipitation fruited from early November to early January. Trees at high elevation sites above 2,500 m fruited even later from late January to early March (e.g., Rio Frio, Mexico). In contrast, trees at mid-elevation sites (Ͻ2,000 m) and/or experiencing rainfall higher than 1,000 mm per annum (e.g., Casa Blanca and Veracruz) fruited as early as September. C. mexicana yielded large, heavy fruit having a mass of 8.24 Ϯ 1.59 g (mean Ϯ SE).
C. rosei parrayana and C. gracilor occurred in the state of Veracruz near Xalapa at elevations between 1,600 and 1,900 m with Ͼ1,000 mm of annual precip- Given are the latitudinal and longitudinal coordinates for sites (degrees/min), along with elevation, mean annual temperature, and mean precipitation. See Fig. 1 for map of sites. itation (Banderilla, Rafael Lucio). These two hawthorns also were found together in humid temperate slopes of the Sierra Madre Oriental in the states of Hidalgo, Puebla, and Queretaro. C. rosei parrayana was present along with C. rosei rosei in San Luis Potosi. C. rosei parrayana and C. gracilor fruited from July to October and yielded intermediate-sized fruit. The mean fruit mass for C. rosei parrayana was 5.09 Ϯ 1.62 g.
C. rosei rosei was wide ranging and showed extensive variation in fruiting phenology. Specimens of C. rosei rosei in Hidalgo, San Luis Potosi, and Nuevo Leon fruited from September to October. Here, in the Sierra Madre Oriental, fruiting time seemed to be strongly affected by rainfall and was delayed by a month in dry years. C. rosei rosei also is endemic to the Sierra Madre Occidental and Eje Volcánico Trans Mexicano, in the states of Michoacan, Guanajuato, Durango, Sinaloa, and Chihuahua. In more arid northern regions, its distribution is restricted to isolated high-humidity sites (Canyons in the Durango Sierra facing the PaciÞc Ocean and riparian moist microclimates at the southern rim of the Chihuahuan desert). Western specimens of C. rosei rosei fruited from October to January and did not seem to be greatly affected by rainfall. C. rosei rosei yielded small fruit with a mean mass of 1.74 Ϯ 0.35 g.
Crataegus greggiana Eggl. was found in the state of Coahuila growing at the bottom of creeks at low elevation sites (1,600 m) in areas where humidity concentrates in an otherwise very dry region. The species yielded small red fruit (mean mass 1.36 Ϯ 0.49 g) during a short fruiting period lasting from mid-October to early November.
Crataegus cuprina J.B. Phipps was found in the state of Nuevo Leon and showed similar habits as C. greggiana. The species yielded small bright orange fruit (mean mass 1.70 Ϯ 0.39 g) during a brief fruiting period in October.
Crataegus tracyi Ashe ex Eggl. variety madrensis was collected in October in the states of Hidalgo, Crataegus baroussana Eggl. also was collected in October on Mexican pomonella Range. The range of Mexican pomonella coincided with most of the natural distribution of hawthorn in Mexico (Fig. 1) . Three exceptions were 1) a longitudinal band of sites in the Altiplano Central abutting the transition to the Sierra Madre Oriental, 2) the northwestern part of Mexico, and 3) the Sierra Madre del Sur.
With respect to the Altiplano/Sierra Madre Oriental transition, ßy pupae were obtained from C. mexicana collected at high elevation (2,200 Ð2,400 m) and rainfall (Ͼ1,000 mm) sites in Veracruz (Table 2 ; Fig. 1 ). However, no pupae were recovered from C. mexicana between Perote, Veracruz, and Acatzingo, Puebla (a 90-km stretch of land; Fig. 1 ). The lack of ßies may be due to the extreme dryness of the area (annual rainfall Ͻ600 mm) and the sandy constitution of the soil, both of which negatively affect pupal survival. Similarly, very few pupae and no adults were obtained from hawthorns collected between Acatzingo and Rio Frio (Table 2 ; Fig. 1) .
In contrast to the dry Altiplano collection sites, C. mexicana was found to be heavily infested in wetter regions of the Altiplano Central in and around Mexico City in the states of Hidalgo, Mexico, Morelos, Puebla, and Tlaxcala (but see Atotonilco and Texcoco). In addition, C. mexicana was infested in the western states of Jalisco and Michoacan but not in northwestern Mexico in Guanajuato and north of the Also given are the total mass of fruit collected at sites (in kilograms) and number of pupae and surviving adults (for pupal samples reared to adulthood) generated from the fruit. See Fig. 1 for map of sites. ND, no data.
21Њ N parallel in the states of Chihuahua, Durango, and Sinaloa. C. mexicana was infested with Mexican pomonella at only a single site within the Eje Volcánico Trans Mexicano in the state of Guerrero. No pupae were recovered from fruit collected over a 2-yr period at several additional sites in Guerrero and Oaxaca on the Sierra Madre del Sur. C. mexicana was heavily infested in Chiapas, however, where it was introduced Ϸ400 yr ago. An average of 94.03 Ϯ 158.62 pupae per kg of fruit was recovered from infested C. mexicana.
The early ripening hawthorn subspecies C. rosei parrayana was infested with Mexican pomonella in the states of Hidalgo, Queretaro, San Luis Potosi, and Veracruz at an average of 52.18 Ϯ 20.38 pupae per kg of fruit. Similar to C. mexicana, infestation levels for C. rosei parrayana varied widely across sites and years.
The early ripening hawthorn C. gracilor was infested with Mexican pomonella in the states of Hidalgo, Queretaro, Puebla, and Veracruz. An average of 110.1 Ϯ 149 pupae was recovered per kg of C. gracilor fruit.
C. rosei rosei collected between late September and mid-October was infested with Mexican pomonella in the eastern states of Hidalgo, Nuevo Leon, and San Luis Potosi. A later fruiting variety of C. rosei rosei collected near the end of October also was infested with Mexican pomonella in Michoacan. However, fruit samples collected in October and November in northwestern Mexico (Durango, Chihuahua, Guanajuato, and Sinaloa) were unifested. An average of 75.4 Ϯ 124 pupae per kg of fruit was recovered from infested C. rosei rosei. Infestation levels for C. rosei rosei varied widely across sites and years.
C. greggiana and C. cuprina were infested with Mexican pomonella in the states of Coahuila and Nuevo Leon, respectively. In contrast, samples of C. tracyi, C. baroussana, and C. grandifolia from Hidalgo, Nuevo Leon, and Tamaulipas did not yield any pupae.
Relationship between Size of Fruit, Number of Larvae per Fruit, and Pupal Weight. Of 1,000 C. mexicana fruit collected in Coajomulco, Morelos, and monitored in individual containers, 874 produced no ßies, 119 yielded a single pupa, and seven generated two pupae (mean infestation rate, 12.6%; mean number of pupae per fruit, 0.133; and mean number of pupae per infested fruit, 1.05 Ϯ 0.22). A signiÞcant, albeit weak, positive correlation existed between fruit weight and pupal weight at the Coajomulco site (R 2 ϭ 0.038, P ϭ 0.032).
Of 58 C. rosei rosei fruit collected in Ixmiquilpan, Hidalgo, Þve produced no ßies, 43 yielded a single pupa, eight generated two pupae, and two yielded three pupae (mean infestation rate, 91.4%; mean number of pupae per fruit, 1.12; and mean number of pupae per infested fruit, 1.22 Ϯ 0.5). A modest, but signiÞcant, positive correlation also was found between C. rosei rosei fruit mass and pupal mass at the Ixmiquilpan site (R 2 ϭ 0.12, P ϭ 0.021). SigniÞcant variation was observed for pupal mass among collecting sites (Table 3) . Cluster analysis revealed that populations sorted into two main groups. Pupae collected from C. mexicana fruiting after October clustered together and were heavier than ßies collected from the earlier fruiting species C. rosei parrayana and C. greggiana (Fig. 2) .
Fly Longevity. The average adult life span of ßies was slightly less than a month in the laboratory. The 17 adult ßies assayed from Chiapas survived an average of 29.3 d. Similarly, the 26 adult ßies from Casa Blanca, Veracruz, survived an average of 26.5 d under the same laboratory conditions.
Discussion
Our results indicate that the distribution of hawthorn-infesting Mexican pomonella is widespread in Mexico (Foote 1981) . Infested fruit was collected across most of the natural distribution of hawthorn in the country, with the exceptions of 1) a 90-km wide band on the Eje Volcánico Trans Mexicano at the edge of the Altiplano Central abutting the transition to the Sierra Madre Oriental, 2) the northwestern sector of Mexico, and 3) the Sierra Madre del Sur. Despite being widespread, the distribution of Mexican pomonella is not continuous. Certain populations seem to be geographically isolated from others in Mexico. The disjunct distribution is likely due to orographically related variation in rainfall, temperature, and soil conditions affecting ßy survivorship.
Our results also expand the hawthorn host range of Mexican pomonella. In total, eight of the 13 endemic species/subspecies of Mexican hawthorns were sampled in the current study. We report that Þve of these hawthorns are infested with ßies (C. mexicana, C. rosei rosei, C. rosei parrayana, C. greggiana, and C. cuprina) . Samples of fruit from three hawthorns (C. tracyi, C. baroussana, and C. grandifolia) did not yield pupae. Further geographic sampling is required, however, before we can rule out these species as being unsuitable for supporting Mexican pomonella.
Perhaps the most intriguing Þnding of our study was the clustering of ßy populations into two distinct groups based on pupal mass. Two possible, nonmutually exclusive explanations for the result are that the differences 1) are due to variation in host or environmentally related conditions affecting pupal size or 2) reßect genetic variation indicative of population differentiation and substructuring among Mexican ßies.
Support for hostÐ environmental effects comes from the positive relationship observed between pupal mass and host fruit size for the populations. Pupae from the large-fruited C. mexicana were signiÞcantly heavier (mean pupal mass, 11.39 Ϯ 0.083 g; n ϭ 4 sites) than those emerging from the intermediate-sized fruit of C. rosei parrayana (mean pupal mass, 7.96 Ϯ 0.076 g; n ϭ 3 sites), which in turn were heavier than pupae from the small-fruited C. greggiana (mean pupal mass, 5.95 Ϯ 0.119 g; n ϭ 1 site). Although pupal mass was only weakly correlated with fruit size within hawthorn species in the current study, this does not discount host species differences in general fruit quality or nutritional content generating the observed differences in ßy body size. Abiotic climatic factors per se would seem less likely to account for the pupal mass variation, because ßies measured in the experiment experienced similar laboratory conditions at the Instituto de Ecologṍa, A.C. in Xalapa. Moreover, crowding effects resulting from intraspeciÞc competition does not seem a likely cause either. Although the small-fruited C. rosei rosei had a higher infestation rate than C. mexicana (91.4 versus 12.6%; we have no data for C. rosei parrayana or C. greggiana), the mean number of pupae per infested fruit was similar between the two hawthorn species (1.22 versus 1.05; note that this does not discount possible interspeciÞc competitors). But other host-related biotic factors, such as parasitism levels, could still potentially produce consistent species level differences in "apparent" pupal body size. The biological basis for this is that parasitized ßy pupae are known to be smaller than unparasitized pupae (Feder et al. 1995) . Hence, if parasitism levels are inherently lower for ßies infesting C. mexicana than C. rosei parrayana and C. greggianaÑperhaps reßect-ing the larger-sized fruit of the former hawthorn, resulting in greater physical escape from parasitoids for ßy larvae ("enemy-free space")Ñthen apparent pupal body size will be greatest in C. mexicana. The maximum level of parasitism recorded for any hawthorn ßy population in Mexico is 3.4% (Ixmiquilpan, Hidalgo; 170 adult wasps emerged from 4,287 pupae), however, which argues against the parasitoid hypothesis. Nevertheless, until reciprocal rearing experiments are performed for ßies in different hawthorn fruits, we cannot rule out a role for host/environmental factors inßu-encing the observed pupal mass differences among populations.
The possibility that pupal mass variation among sites is genetically determined and is indicative of population structuring is most fascinating. If true, then perhaps two or more potential species/subspecies of hawthorn-infesting Mexican pomonella may exist in Mexico. Moreover, the taxon would seem to be allochronically separated by hawthorn fruiting time into early and late season populations as well as being allopatrically or parapatrically distributed. Based on pupal mass, one taxa infesting early fruiting hawthorns (e.g., C. rosei parrayana and C. greggiana) would be distributed primarily in the Sierra Madre Oriental from Coahuila in the north to the highlands of Veracruz in the south (Fig. 1) . The other taxon attacking the later fruiting host C. mexicana would span the Eje Volcánico Trans Mexicano from Tlaxcala to Jalisco (east to west) and Michoacan to Guerrero (north to south), encompassing the Altiplano Central (the initial range of Mexican pomonella reported by Bush 1966) . Tentative support for the substructure hypothesis comes from Þeld observations that adult Mexican pomonella attacking early ripening hawthorns at lowelevation sites in the eastern-facing slope of the Sierra Madre Oriental die about a month before fruit of late-ripening hawthorns is available for oviposition (J.R., unpublished data). Moreover, estimates of mean adult longevity of Ͻ1 mo for Mexican ßies derived here, and 4 Ð 6 wk for U.S. ßies in nature (Dean and Chapman 1973, Boller and Prokopy 1976) , are subsumed by the differences in peak fruiting time between alternate hawthorn species in Mexico, implying the potential for signiÞcant allochronic isolation. However, Mexican pomonella populations using different hosts abut or overlap in a transitional area between the Altiplano Central and Sierra Madre Oriental. Here, altitude-related shifts in fruiting phenology could bridge much of the allochronic gap between alternate hawthorn hosts, providing for a potentially smooth adaptive transition in diapause life history for a single Mexican pomonella population to traverse between early and late-fruiting plants. VeriÞcation of population subdivision within Mexico and clariÞca-tion of the role host phenology plays in allochronic isolation therefore require additional genetic analysis and crossing of Sierra Madre Oriental and Eje Volcá-nico Trans Mexicano ßies as well as emergence experiments quantifying adult eclosion time differences among populations reared under standardized environmental conditions.
Regardless of whether distinct populations exist in Mexico, our current Þndings help resolve an important issue regarding the phylogeography of R. pomonella in North America. Previous genetic data have suggested that Mexican and U.S./Canadian populations became allopatrically isolated perhaps 1.5 million years ago. However, repeated episodes of secondary contact and introgression have been hypothesized to account for the existence of latitudinal clines in the U.S. popula-tion (Berlocher 2000; Feder et al. 2003 Feder et al. , 2005 . Based on the initial distribution for Mexican pomonella in the Altiplano Central reported by Bush (1966) , this would have required extensive range shifts of Mexican and U.S. ßy populations in the past, presumably associated with glaciation events. However, the Þnding that Mexican pomonella extend up the Sierra Madre Oriental provide a tractable conduit for episodic gene ßow between Mexican and southern U.S. populations (e.g., in Texas). More work remains to be done to complete our understanding of the biogeography and natural history of Mexican pomonella and its hosts. For example, additional sampling in northeastern Mexico (Tamaulipas and northern Coahuila) is required to determine the extent of current contact between Mexican and U.S. ßy populations. Also, Þve of the 13 species of hawthorns present in Mexico remain to be surveyed. Further information is also critical with respect to the past ranges of hawthorns during glacial and interglacial periods. Genetic characterization of collected ßy material is also needed to establish the taxonomic and phylogenetic identity and position of the R. pomonella group in Mexico with respect to existing pomonella phylogenies. These studies will all add to a growing appreciation of the richness of the ecological and biogeographic processes interacting and contributing to the diversiÞcation of the R. pomonella group.
